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REPAIR OF NERVE DAMAGE 
FIELD OF THE INVENTION 

5 The present invention concerns the treatment of nerve damage with the Insulin-like 
Growth Factor I (IGF-f) isoform known as mechano growth factor (MGF). More 
particularly, MGF is localised around the sites of such damage to effect repair, 
typically by means of the placement of a conduit around the two ends of a severed 
peripheral nerve. 

10 

BACKGROUND OF THE INVENTION 

IGF-I and MGF 

1 5 Mammalian IGF-I polypeptides have a number of isoforms, which arise as a result of 
alternative mRNA splicing. Broadly, there are two types of isoform, liver-type 
isoforms and non-liver ones. Liver-type isoforms may be expressed in the liver or 
elsewhere but, if expressed elsewhere, are equivalent to those expressed in the liver. 
They have a systemic action and are the main isoforms in mammals. Non-liver 

20 isoforms are less common and some are believed to have an autocrine/paracrine 
action. A cDNA of the latter type has been cloned, as discussed below, following 
detection in skeletal and cardiac muscle undergoing mechanical overload. 

The terminology for the IGF-I splice variants is based on the liver isoforms (Chew et 
25 al, 1995) and has not fully evolved to take into account those produced by non-liver 
tissues. The latter are controlled to some extent by a different promoter (promoter 1) 
to the liver IGF-I isoforms, which respond to hormones and are under the control of 
promoter 2 (Layall, 1996). 
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For the purposes of this invention, two isoforms axe of particular interest. These are 
both expressed in skeletal muscle, though it has only recently been appreciated that 
two muscle isoforms exist. The Fust isoform is muscle liver-type IGF-I or L .IGF-I 
(systemic type), which is of interest mainly for comparative purposes. The second is 
5 mechano-growth factor or MGF (autocrine/paracrine type). 

These are alternative splice variants. Exons 1 and 2 are alternative leader exons 
(Tobin et al y 1990; Jansen et al, 1991) with distinct transcription start sites which are 
differentially spliced to common exon 3. Exons 3 and 4 code for the mature IGF-I 

10 peptide (B 7 C, A and D domains) as well as the first 16 amino acid of the E domain. 
Exons 5 and 6 each encodes an alternative part of a distinct extension peptide, the E 
domain. This is followed by the termination codons of precursor IGF-I, 3' 
untranslated regions and poly(A) addition signal sites (Rotwein et al ? 1986). A 
further difference between the two isoforms is that MGF is not glycosylated and is 

1 5 therefore smaller. It has also been shown to be less stable. It may thus have a shorter 
half-life. 

It has been shown that MGF, which is not detectable in skeletal muscle unless it is 
subjected to exercise or stretch (Yang et al, 1996), has exons 4, 5 and 6 whilst the 
20 muscle L.IGF-I has exons 4 and 6. Exon 5 in MGF has an insert of 52 bp which 

changes the 3 1 reading frame and hence the carboxy end of the peptide. In addition, 
MGF has been detected in overloaded cardiac muscle (Sfcarli et al, 1998). 

Functional epitope mapping of IGF-I using a battery of monoclonal antibodies 
25 (Mafies et al y 1997) has shown that the carboxy terminus (3' end) of IGF-I is 

important in determining the affinity of the peptide for a particular receptor and/or 
binding protein, 

MGF mRNA is not detected in dystrophic muscle even when it is subjected to 
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stretch. The inability of muscle in both the autosomal- and dystrophin-deficient 
dystrophies to respond to overload by stretch (Goldspink et al, 1996) indicates that 
the cytoskeleton may be involved in the transduction mechanism. It is probable that 
there is a basic mechanism that detects muscle overload and which results in the 
5 expression of both variant forms of IGF. 

Thus, MGF is known to be expressed in skeletal and cardiac muscle tissue in 
response to stretch and exercise and as a result is believed to be involved in repair of 
damage to muscle (Yang et al, 1996; W097/33997). This has been confirmed more 
1 0 recently by McKoy et al (1999), 

Conduits 

It has previously been proposed to use a conduit to assist in nerve damage repair, e.g. 
1 5 to bridge a gap in a severed nerve. The aim is to place the conduit around the nerve, 
e,g, around its two severed ends, so that the nerve will regrow within the conduit. 

In particular, conduits composed of Poly-3-hydroxy-butyrate have been proposed as 
an alternative to nerve autografts, which result in sub-optional functional results and 
20 donor site morbidity. PHB occurs within bacterial cytoplasm as granules and is 

available as bioabsorbable sheets. PHB conduits have been shown to assist in nerve 
regeneration and to show good results compared to nerve autografts (Hazari et al y J. 
Plastic Surgery (1999)). 

25 Various different conduit materials have been proposed, including PHB, but none 

have yet been fully applied clinically. Only silicone has been applied, in a restricted 
clinical trial (Lundborg et al, 1997), but a second operation has sometimes been 
necessary to remove the non-resorbable silicone tube. 
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SUMMARY OF THE INVENTION 



We have now identified a new and surprising property of MGF 

5 Plasmids containing MGF DNA operably linked to expression signals capable of 
securing expression in muscles were prepared and injected intramuscularly into rats. 
Expression of MGF in vivo resulted. To investigate the effect of MGF on the 
animal's nerves, the right-facial nerve was damaged by avulsion in some animals and 
crushing in others. Similar experiments were performed with plasmids capable of ' 
10 expressing LJGF-I and control experiments were also carried out using equivalent 
"empty" plasmids lacking an MGF or L1GF-I coding sequence, and with 
non-operated rats. 

The surgical procedures carried out normally result in massive motoneurone loss, and 
1 5 that was the case in the control animals. However, in the case of nerve avulsion, use 
of LJGF-I reduced motoneurone loss to about 50% and use of MGF reduced 
motoneurone loss to about 20%. Although both isoforms were found to be effective 
in promoting motoneurone rescue, MGF was, surprisingly, more than twice as 
effective as L.IGF-I. This opens up the possibility of using MGF in the treatment of 
20 neurological disorders, especially motoneurone disorders.' Additionally, it should be 
noted that this is the first time that altered availability of neurotrophic factors to 
intact adult motoneurones has been shown to affect a subsequent response to injury 
and also that this is the first time that intramuscular gene transfer using plasmid DNA 
has been shown to be an effective strategy for motoneuronai rescue. 

25 

IGF-I isoforms have specific binding proteins which determine their action, 
particularly in terms of which tissues the isoform takes effect in. It appears that the 
binding protein for MGF is located in the central nervous system (CNS) as well as in 
skeletal and cardiac muscle. This may explain its greater effectiveness. Also, the 
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fact that MGF is not glycosylated and thus smaller than L.IGF-I may facilitate its 
transfer from the muscle to the motor neuron cell bodies in the CNS. 



These findings have general applicability to the treatment of neurological disorders 
5 and are surprising because MGF had previously only been detected in cardiac muscle 
and skeletal muscle under stretch/exercise. Chew (1995) suggests that an IGF-I Ec 
form is found in the liver. However, this is detectable in very low amounts and may 
be due to leaky transcription. Therefore, it had previously been believed that MGF 
was a muscle-specific isoform whereas it has now emerged that it is also implicated 
1 0 in repairing damage to the nervous system and can thus form the basis of treatments 
for disorders of the nervous system. 

Moreover, our findings show that MGF will be useful in repairing nerve damage, 
especially in the peripheral nervous system (PNS), when localised around the site of 

1 5 the damage. In particular, MGF will be useful in repairing nerve damage in 

conjunction with a conduit placed around the two ends of a severed nerve. Notably, 
we have found that, by placing the two ends of a severed rat sciatic nerve in 
juxtapostion in a conduit and filling with a gel comprising a vector containing MGF 
cDNA, repair of a 3mm gap in the nerve was achieved in as little as two weeks. The 

20 properties of MGF in nerve regeneration, as identified by the present Inventors, can 
be combined with the tendency of such conduits to facilitate nerve regeneration. 
This will result in an improved conduit-based means of repairing nerve damage. 
Other means of localising MGF at the site of damage can also be used. 

i 

25 Accordingly, the invention provides: 

a method of treating nerve damage comprising administering to a subject in 
need thereof an effective non-toxic amount of an MGF (mechano-growth factor) 
Insulin-like Growth Factor I (IGF-I) isoform comprising amino acid sequences 
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encoded by nucleic acid sequences of IGF-I exons 4, 5 and 6 in the reading frame of 
MGF and having the ability to reduce motoneurone loss by 20% or greater in 
response to nerve avulsion, by localisation of said MGF at the site of said damage. 



5 The invention also provides: 



a kit for the treatment of nerve damage comprising: 

(a) an MGF IGF-I isoform of the invention; and 

(b) a conduit of the invention; and optionally 

10 (c) a polypeptide growth factor which prevents or diminishes 

degeneration; and optionally 
(d) another neurologically active agent. 



15 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 : Total numbers of motoneurones in the facial motor nucleus 

KEY 

plasmid only - 1 month avulsion 



I : normal 4 
20 2: 1 month crush 5 
3: 1 month avulsion 6 
right: operated side; left: non-operated side 



IGF-I plasmid - 1 month avulsion 
MGF plasmid - 1 month avulsion 



FIGURE 2: Avulsion (control experimeats) 

25 

(a) Low magnification view of a transverse section through the brainstem at the level 
of the facial nucleus, 1 month following facial nerve avulsion. Numbers of 
motoneurones in the facial nucleus of the operated side (b) are markedly reduced 
compared to the non-operated nucleus (arrow and inset c). 70^im vibratome section 
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stained with YOYO and viewed using epifluorescence. 

FIGURE 3: Plasmid experiments 

5 (a) Low magnification view of the brainstem at the level of the facial nucleus. 

Plasmid DNA without any gene insert was injected into the right snout muscle. 7 
days later the right facial nerve was avulsed and the animal allowed to survive for 1 
month. Like the effect of avulsion only (Figure 1), numbers of motoneurones in the 
facial nucleus of the operated side (c) are markedly reduced compared to the non- 
1 0 operated nucleus (arrow and inset b). 70*un vibratome section stained with YOYO 
and viewed using epiflourescence. 
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FIGURE 4: MGF plasmid experiments 



(a). Low magnification view of the brainstem at the level of the facial nucleus. 
Plasmid DNA containing the rat MGF gene was injected into the right snout muscle. 
7 days later the right facial nerve was avulsed and the animal allowed to survive for 1 
month. Numbers of motoneurones in the facial nucleus of the operated side (b) are 
20 similar to the non-operated nucleus (arrow and inset c). 70^m vibratome section 
stained with YOYO and viewed using epiflourescence. 

FIGURE 5: cDNA and amino acid sequence of human MGF, showing its exon 
structure 



FIGURE 6: cDNA and amino acid sequence of rat MGF, showing its exon 
structure 



FIGURE 7: cDNA and amino acid sequence of rabbit MGF, showing its exon 
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structure 



FIGURE 8: cDNA and amino acid sequence of human L.IGF-I, showing its exon 
structure 

5 

FIGURE 9: cDNA and amino acid sequence of rat L-IGF-I, showing its exon 
structure 

FIGURE 10: cDNA and amino acid sequence of rabbit L-IGF-I, showing its exon 
10 structure 

FIGURE 11: Sequence alignment, illustrating exon structure of human, rat and 

rabbit MGF and L-IGF-I, and highlighting similarities and differences 



FIGURE 12: Staining for axon (Pan NF, in red in original colour) and supporting 
Schwann cells (SI 00, in green in original colour) showing axonal 
regeneration in the three experimental groups. The axon regrowth u 
the MGF group is more abundant and reaches further into the distal 
nerve than the axons in the other two experimental groups. Top 
centre; MGF, lower left; control with "empty" vector; lower right: 
L.IGF. 



DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention concerns the use of MGF in the treatment of neurological 
disorders, preferably motoneurone disorders. 
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MGF polypeptides and polynude tides 
Polypeptides 

5 MGF stands for mechano-growth factor (cf. McKoy et al, 1 999). As discussed above 
and explained in more detail in Chew et al (1995), Yang et al (1 996) and McKoy et 
al (1999), MGF is an alternatively spliced variant of IGF-I. Liver-type IGF-I 
comprises amino acids encoded by exons 4 and 6 whereas MGF comprises amino 
acids encoded by exons 4, 5 and 6. MGF also has an altered reading frame at its 

1 0 carboxy terminus as a result of a 52 bp insert in exon 5, and is smaller because it is 
not glycosylated. Chew et al (1995) and Yang et al (1996) did not use the term 
MGF, but rather IGF-I Ec, to define the 4-5-6 splice variant. The muscle isoform 
that has the Ec domain is now known as MGF (cf McKoy et al, 1999). It is now 
clear that the particular form of the IGF-I Ec is produced by cardiac and skeletal 

1 5 muscle but only when they are subjected to mechanical activity. 

Herein, MGF is understood to mean any IGF-I polypeptide having the 4-5-6 exon 
structure and the neurological properties identified by the Inventors, as discussed 
further below. The exon structure of MGF in human, rat and rabbit is illustrated in 
20 Figures 5, 6 and 7 (SEQ ID NOs. 1/2, 3/4 and 5/6). For comparison, the exon 

structure of human, rat and rabbit L.IGF-I is given in Figures 8, 9 and 10 (SEQ ID 
NOs. 9/10, U/12 and 13/14), and a comparison between MGF and L-IGF-I is made 
in Figure 1 1 . 

25 Preferably, MGF of the invention will have the reading frame which, in native MGF, 
is generated by the 52 bp insert mentioned above. Preferably, MGF of the invention 
will not be glycosylated. However, it may be glycosylated or partially glycosylated 
in some embodiments. By partially glycosylated is meant up to 10, 20, 30, 50, 70, 
80, 90, 95 or 99% as much glycosylation as L.IGF-1, e.g. containing some, but not 
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all, of IGF-I's glycosylation sites. The pattern of glycosylation may be the same as 
that of L.IGF-I in terms of the type and placement of sugars or it may be different. 

Preferably, MGFs of the invention comprise exons 3, 4, 5 and 6 on equivalent 
5 sequences. Optionally, they may include exons 1 and/or 2, or equivalent sequences 
as well. 

MGF of the invention may find its origins in any species that has 4-5-6 spliced IGF-I. 
Thus, MGF of the invention may have the sequence of human MGF, which is 
10 generally preferred. MGF having the sequence of an animal MGF may also be used, 
e.g. rat, rabbit, mouse, cow, sheep, goat, chicken, dog, cat MGF. Preferably, the 
species origin of the MGF used will be matched to the species of the subject to be 
treated. In particular, it iB preferred to use human MGF to treat human patients. 

1 5 The sequences of exons 3, 4, 5 and 6 human MGF (IGF-I-Ec) (SEQ ID NO. 1/2, 

Figure 5), rat MGF (SEQ BO NO. 3/4, Figure 6) and rabbit MGF (IGF-I Eb) (SEQ ID 
NO, 5/6, Figure 7) are given below, together with their corresponding cDNA 
sequences. SEQ ID NOs. 1, 3 and 5 are the cDNAs; SEQ ID NOs. 2, 4 and 6 are the 
polypeptides. For comparison, the sequences of exons 3, 4 and 6 human (SEQ ID 

20 NO. 9/10, Figure 8), rat (SEQ ID NO. 1 1/12, Figure 9) and rabbit (SEQ ID NO. 
13/14, Figure 10) liver-type IGF-I (L.IGF-I) are also given (see Figure 1 1 in 
particular for comparison). Polypeptides having the sequences of SEQ ID NOs. 2, 4 
and 6 may be used in preferred embodiments of the invention. 

25 Herein, MGF and functional equivalents thereof have the neurological properties 
identified by the Inventors. Thus, they have the capacity to effect motoneurone 
rescue. The exact degree of motoneurone rescue will vary from case to case, 
depending on which MGF is used and under what circumstances. However, with 
reference to the Examples, MGFs of the invention may be able to reduce 
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motoneurone loss following nerve avulsion by up to 20, 30, 40, 50, 60, 70, 80, 90, 
95, 99 or 100% in a treated subject compared to an equivalent situation in a non- 
treated subject. Reduction of motorneurone loss by 70% or more, or 80% more (i.e. 
to 30% or less or 20% or less) is preferred. The degree of rescue may be calculated 

5 vising any suitable technique, e g a known technique such as Stereology (see the 
Examples). As a specific test, the techniques used in the Examples, which rely on 
measuring motoneurone rescue in response to facial nerve avulsion in rats, may be 
used. However it will be appreciated that this technique may not be ideal for 
assessing the properties of non-rat MGFs Similar tests may thus be devised using 

1 0 other animal models. For example, tests relating to avulsion of other nerves may be 
devised- So far as human treatments are concerned, it will generally be necessary to 
rely on animal models so human MGF may have lower activity m these models than 
it has in vivo in humans. 

1 5 MGFs having the sequence of naturally occurring MGFs are pref erred. However, 

variant MGFs having the same basic 4-5-6 exon structure and neurological properties 
discussed herein may also be used. 

Polypeptides of the invention may be encoded by polynucleotides as described 
20 below. 

An MGF polypeptide of the invention may consist essentially of the amino acid 
sequence set out in SEQ ID NO. 2, 4 or 6 or a substantially homologous sequence, or 
of a fragment of either of these sequences, as long as the neurological properties of 
25 the invention are maintained. In general, the naturally occurring amino acid 
sequences shown in SEQ ID NOs. 2, 4 and 6 are preferred. However, the 
polypeptides of the invention include homologues of the natural sequences, and 
fragments of the natural sequences and of their homologues, which have the 
neurological properties of the invention. 
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In particular, a polypeptide of the invention may comprise: 

(a) the polypeptide sequence of SEQ ED NO. 2 (human MGF), 4 (rat 
MGF ), or 6 (rabbit MGF), 

(b) a polypeptide sequence at least 70, 80, 90, 95, 98 or 99% homologous 
5 to, a polypeptide of (a); 

(c) a sequence comprising the amino acids encoded wholly or partly by 
exons 4, 5 and 6 of human, rat or rabbit MGF DNA of SEQ ID NO. 1, 
3 , or 5, or a sequence having 70% or greater homology thereto; 

(d) a sequence encoded by a nucleic acid sequence capable of selectively 
1 0 hybridising to a sequence of (a) ? (b) or (c); or 

(e) an allelic variant or species homologue of a sequence of (a). 



Allelic Variants 

1 5 An allelic variant will be a variant which occurs naturally and which will function in 
a substantially similar manner to the protein of SEQ ID NO. 2, 4 or 6 as defined 
above. Similarly, a species homologue of the protein will be the equivalent protein 
which occurs naturally in another species. Such a homologue may occur in any 
species, preferably a mammalian species ? for example a bovine, equine, ovine, feline 

20 or canine species; such as cow, horse, sheep or goat, cat, or dog, or in a rodent 
species other than rat (SEQ ID NO. 4) or rabbit (SEQ ID NO. 6), or in a primate 
species other than human (SEQ ID NO. 2). Non-mammalian MGFs, for example 
piscine or avian MGFs, e.g. chicken MGF, are also MGFs of the invention. Within 
any one species, a homologue may exist as several allelic variants, and these will all 

25 be considered homologues of the protein of SEQ ID NO. 2 ? 4 or 6. 

Allelic variants and species homologues can be obtained by methods known in the 
art, e,g, by probing suitable cell source with a probe derived from SEQ ID NO. 1, 3 
or 5, Clones obtained can be manipulated by conventional techniques to generate a 
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polypeptide of the invention which can be produced by recombinant or synthetic 
techniques known per se 

Homologues 

5 

A polypeptide of the invention is preferably at least 70% homologous to the protein 
of SEQ ID NO. 2, 4 or 6 more preferably at least 80 or 90% and more preferably still 
at least 95, 97 or 99% homologous thereto over a region of at least 20, preferably at 
least 30, for instance at least 40, 60 or 100 or more contiguous amino acids. Methods 
10 of measuring protein homology are well known in the art and it will be understood 
by those of skill in the art that in the present context, homology is calculated on the 
basis of amino acid identity (sometimes referred to as ,l hard homology"). 

Degrees of homology can be measured by well-known methods, as discussed herein 
1 5 for polynucleotide sequences. 

The sequence of the polypeptides of SEQ ID NOs. 2, 4 and 6 and of the allelic 
variants and species homologues can be modified to provide further polypeptides of 
the invention. 

20 

Substitutions 

Amino acid substitutions may be made, for example from I, 2 or 3 to 10, 20 or 30 
substitutions. For example, a total of up to 1, 2, 5, 10 or 20 amino acids may be 
25 substituted over a length of 50, 100 or 200 amino acids in the polypeptides. For 
example, up to 20 amino acids substituted over any length of 50 amino acids. The 
modified polypeptide generally retains the neurological properties of the invention, 
as defined herein. Conservative substitutions may be made, for example according to 
the following table. Amino acids in the same block in the second column and 
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preferably in the same line in the third column may be substituted for each other. 



ALIPHATIC 


Non-polar 


Cr A P 
U A 1 






ILV 




Polar-uncharged 


CSTM 






NQ 




Polar-charged 


DE 






KR 


AROMATIC 


HFWY 



5 

Fragments 

Polypeptides of the invention also include fragments of the above-mentioned full 
length polypeptides and variants thereof, including fragments of the sequence set out 

10 in SEQ ID NOs. 2, 4 and 6. Such fragments typically retain the neurological 
properties of the invention- 
Suitable fragments will generally be at least about 20, e g. at least 20, 50 or 100 
amino acids in sire. Polypeptide fragments of the polypeptides of SEQ IP NOs. 2, 4 

15 and 6 and allelic and species variants thereof may contain one or more (e.g. 2, 3, 5, 5 
to 10 or more) substitutions, deletions or insertions, including conservative 
substitutions- Each substitution, insertion or deletion may be of any length, e.g. 1, 2, 
3, 4 } 5, 5 to 10 or 10 to 20 amino acids in length- 

20 In particular, fragments of the invention may comprise the amino acids encoded by 
exons 4, 5 and 6 of human, rat or rabbit DNA of SEQ ID NO, 1 , 3 or 5. The fust 
amino aid of exon 4, Asn, is partly encoded by exon 3 (1 nucleotide) and partly by 
exon 4 (2 nucleotides). It is preferred that said first amino acid be present, in a 
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fragment of the invention. 
Chimeric sequences 

5 MGF polypeptides encoded by chimeric polypeptide sequences of the invention (see 
below) may be used. 

Isolation, purification and modification 

10 Polypeptides of the invention may be in a substantially isolated form. It will be 
understood that the polypeptide may be mixed with carriers or diluents which will 
not interfere with the intended purpose of the polypeptide and still be regarded as 
substantially isolated. A polypeptide of the invention may also be in a substantially 
purified form, in which case it will generally comprise the polypeptide in a 

1 5 preparation in which more than 70%, e.g. more than 80, 90, 95, 98 or 99% of the 
polypeptide in the preparation is a polypeptide of the invention. 

Polypeptides of the invention may be provided in a form such that they are outside 
their natural cellular environment. Thus, they may be substantially isolated or 
20 purified, as discussed above, or in a cell which they do not occur in nature, e.g. a cell 
or other plant species, animals, yeast or bacteria. 

Polypeptides of the invention may be modified for example by the addition of 
* Histidine residues or a T7 tag to assist their identification or purification or by the 
25 addition of a signal sequence to promote their secretion from a cell. 

A polypeptide of the invention may be labelled with a revealing label. The revealing 
label may be any suitable label which allows the polypeptide to be detected. Suitable 
labels include radioisotopes, e.g. l25 1, 35 S, enzymes, antibodies, polynucleotides and 
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linkers such as biotin. 



Polypeptides of the invention may be chemically modified, e.g. post-translationaily 
modified. For example, they may comprise modified amino acid residues. They 
5 may also be glycosylated (see above), though MGF is not naturally glycosylated. 
Such modified polypeptides will be understood to be polypeptides of the invention. 

Another possibility is to increase the stability, and hence half life of MGF in vivo by 
altering its sequence, e.g. to make it more amenable to glycosylation by introducing 
1 0 one or more glycosylation sites. Alternatively, modifications can be made that make 
MGF's primary amino acid structure more resistant to degradation. 

The effects of modifications to MGF's sequence can be tested by any suitable 
method. For example, the binding properties and/or stability of variant MGFs can be 
1 5 tested by comparing them in vitro or in vivo to those of unmodified MGF. 



Polynucleotides 



Polynucleotides of the invention encode polypeptides of the invention. 



20 



Preferred polynucleotides of the invention comprise a coding sequence encoding a 
polypeptide having the neurological properties of the invention, which coding 
sequence is selected from: 

(a) the coding sequence of any one of SEQ ID NO \ 7 3 or 5; 
25 (b) a sequence capable of selectively hybridising to a sequence of (a), or 

to a sequence complementary to a sequence of (a), , 

(c) a sequence having 70% or more homology to a sequence of (a); 

(d) a sequence which is a fragment of the sequence of any one of (a) to 
(c); and 
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(e) a sequence which differs from that of any one of (a) to (d) but which, 
owing to the degeneracy of the genetic code, encodes the same 
polypeptide. 

5 Thus, the invention provides polynucleotides comprising the coding sequence as 
shown in any one of SEQ ID NO. 1, 3 or 5 and variants thereof with related 
sequences. Polynucleotides of the invention can be used to prepare vectors of the 
invention. 

10 SEQIDNOs. L 3 and 5 

Preferred polynucleotides of the invention comprise coding sequences as shown in 
SEQ ID NOs. 1,3 and 5, 

15 Hybridisable sequences 

A polynucleotide of the invention may hybridise selectively to coding sequence of 
SEQ ID NO. 1, 3 or 5 at a level significantly above background- Background 
hybridisation may occur, for example because of other cDNAs present in a cDNA 

20 library. The signal level generated by the interaction between a polynucleotide of the 
invention and the coding sequence of SEQ ID NO. 1, 3, 5, 7, 9 or 1 1 is typically at 
least 10 fold, preferably at least 100 fold, as intense as interactions between other 
polynucleotides and the coding sequence of SEQ ID NO. 1, 3 or 5. The intensity of 
interaction may be measured, for example by radiolabelling the probe, e.g. with 32 P. 

25 Selective hybridisation is typically achieved using conditions of medium to high 
stringency (for example 0.03M sodium chloride and 0.03M sodium citrate at from 
about 50°C to about 60°C, for example 45 to 50, 50 to 55 or 55 to 60°C, e.g. at 50 or 
60*0. 
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However, such hybridisation may be carried out under any suitable conditions known 
the art (see Sambrook et al, 1989, Molecular Cloning: A Laboratory Manual). For 
ample, if high stringency is required, suitable conditions include 0.2 x SSX at 
around 60'C, for example 40 to 50>C, 50 to 60'C or 60 to 70»C, e.g. at 50 or 60'C. If 
5 lower stringency is required, suitable conditions include 2 x SSC at around 60«C, for 
example 40 to 50°C, 50 to 60°C or 60 to 70'C, e.g. at 50 or 60»C. 

Stringency typically occurs in a range from about Tm-5°C (5°C below the melting 
temperature (Tm) of the two sequences hybridising to each other in a duplex) to 
1 0 about 20'C to 25°C below Tm. Thus, according to the invention, a hybridisable 

sequence may be one which hybridises to SEQ ID NO. 1, 3 or 5 at a temperature of 
from Tm to Tm-25«C, e.g. Tm to Tm-5°C, Tm-5 to Tm-10'C, Tm-10 to Tm-20°C or 
Tm-20 to Tm-25°C 



1 5 Homologous sequences 

A polynucleotide sequence of the invention, will comprise a coding sequence at least 
70% preferably at least 80 or 90% and more preferably at least 95, 98 or 99%, 
homologous to the coding sequence of SEQ ID NO 1, 3 or 5. 

20 

Such homology wiU preferably apply over a region of at least 20, preferably at least 
50, for instance 100 to 500 or more, contiguous nucleotides. 

Methods of measuring nucleic acid and polypeptides homology are well known in 
25 the art. These methods can be applied to measurement of homology for both 

polypeptides and nucleic acids of the invention. For example, the UWGCG Package 
provides the BESTFIT program which can be used to calculate homology (Devereux 
et al, 1984, Nucleic Acids Research 12, p.387-395). 



N.82201 US GCW AB nw Specification as Sled 



-19- 

Similarly, the PILEUP and BLAST algorithms can be used to line up sequences (for 
example as described in Aitschul, S.F., 1993, J. Mol. E»ol. 30:290-300; Aitschul, 
S.F. etal, 1990)7. Mol. Biol. 215:403-410). 

Many different settings are possible for such programs. According to the invention, 
the default settings may be used. 

In more detkl, the BLAST algorithm is suitable for determining sequence similarity 
and it is described in Aitschul et al (1990)7. Mol. Biol. 215:403-410 Software for 
performing BLAST analyses is publicly available through the National Center for 
Biotechnology IrifoWation (http://www.ncbi/nlm.hih.gov/). This algorithm involves 
first identifying high Storing sequence pair (HSPs) by identifying short words of 
length W in the query sequence that either match or satisfy some positive-valued 
threshold score T when aligned with a word of the same length in a database 
1 5 sequence. T is referred to as\he neighbourhood word score threshold (Aitschul et al, 
supra). These initial neighbourhood word hits act as seeds for initiating searches to 
find HSPs containing them. TheVord hits are extended in both directions along each 
sequence for as far as the cumulatiAalignment score can be increased. Extensions 
for the word hits in each direction are\alted when: the cumulative alignment score 
20 falls off by the quantity X from its maximum achieved value; the cumulative score 
goes to zero or below, due to the accumulation of one or more negative-scoring 
residue alignments; or the end of either sequeVe is reached. The BLAST algorithm 
parameters W, T and X determine the sensitivity\and speed of the alignment. The 
BLAST program uses as defaults a word length (\V of 1 1, the BLOSUM62 scoring 
25 matrix (see HenikorTand HenikotT(1992) Proc. NattSAcad. Sci. USA 89:10915- 

10919) alignments (B) of 50, expectation (E) of 10, M=\n=4, and a comparison of 
both strands. \ 

The BLAST algorithm performs a statistical analysis of the similarity between two 

N.82201 US GCW AB nw Specification as filed 



-20- 

sequences; see e.g. Karlin and Altschul (1993) Proc. Natl Sci. USA 90:5873-5787. 
One measure of similarity provided by the BLAST algorithm is the smallest sura 
probability (P(N)X which provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would occur by chance. For 
5 example, a nucleic acid is considered similar to a fused gene or cDNA if the smallest 
sum probability in comparison of the test nucleic acid to a fused nucleic acid is less 
than about 1, preferably less than about 0.1, more preferably less than about 0.01, and 
most preferably less than about 0,00 L 

10 Fragments 

Also included within the scope of the invention are sequences which are fragments of 
the sequences of (a) to (c) above but have the neurological properties of the' 
invention. 

15 

In particular, fragments may comprise exons 4, 5 and 6 of human, rat or rabbit MGF 
DNA of SEQ ID NO. 1, 3 or 5. 

The first amino acid of exon 4, Asn, is partly encoded by exon 3 and partly by exon 
20 4. It is preferred that the necessary coding bases from exon 3 are present to encode 
said first amino acid, Asn. 

Degenerate sequences 

25 Also included within the scope of the invention are sequences that differ from those 
of (a) to (d) but which, because of the degeneracy of the genetic code, encode the 
same protective polypeptides. For example, the invention provides degenerate 
variants of the sequence of SEQ ID NOs. 1, 3 and 5 that also encode the polypeptide 
of SEQIDNOs. 2, 4 and 6. 
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Complementary sequences 

In addition, the invention provides polynucleotides having sequences complementary 
to any of the above-mentioned sequences. 

5 

Chimeric sequences 

Chimeric sequences comprising exons from more than one species may also be used. 
For example, one or more of exons 3 to 6 may be derived from human and one or 
1 0 more from rat and/or rabbit 

Further properties 

The nucleic sequences of the invention may be of any length as long as they encode a 
1 5 polypeptide of the invention. A nucleic acid sequence according to the invention 

may be a contiguous fragment of the sequence of SEQ ID NO. 1, 3 or 5 or a sequence 
that is related to it in any of the ways described above. Alternatively, nucleic acids 
of the invention may comprise DNA sequences that are not contiguous in the 
sequence of SEQ ID NO. 1, 3 or 5. These sequences may be fragments of the 
20 sequence of SEQ ID NO. 1, 3 or 5 or nucleic acid sequences that are related to such 
fragments in any of the ways described above. Nucleic acid sequences of the 
invention will preferably comprise at least 50 bases or base pairs, for example 50 to 
100, 100 to 500, 500 to 1000 or 1000 to 2000 bases or base pairs. 

25 Any combination of the above-mentioned degrees of homology and minimum sizes 
may be used to defined polynucleotides of the invention with the more stringent 
combinations (e.g. higher homology over longer lengths and/or hybridisation under 
more stringent conditions)being preferred. Thus, for example a polynucleotide 
which is at least 90% homologous over 100, preferably over 200 nucleotides forms 
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one aspect of the invention, as does a polynucleotide which is at least 95% 
homologous over 100 or 200 nucleotides. 

Polynucleotides of the invention may comprise DNA or RNA. They may also be 
5 polynucleotides which include within them synthetic or modified nucleotides. A 
number of different types of modification to polynucleotides are known in the art. 
Modifications may, for example enhance resistance to nucleases and/or enhance 
ability to enter cells. For example, phosphorothioate oligonucleotides may be used. 
Other deoxynucleotide analogs include methylphosphonates, phosphoramidates, 
10 phosphorodithioates, N3?5'-phosphoramidates and oligoribonucleotide 

phosphorothioates and their 2'-0-alkyl analogs and Z-O-methyliribonucleotide 
methylphosphonates. A further possible modification is the addition of acridine or 
polylysine chains at the 3* and/or 5* ends of the molecule. 

1 5 Alternatively mixed backbone oligonucleotides (MBOs) may be used. MBOs 

contain segments of phosphothioate oligodeoxynucleotides and appropriately placed 
segments of modified oligodeoxy- or oligoribonucleotides. MBOs have segments of 
phosphorothioate linkages and other segments of other modified oligonucleotides, 
such as methylphosphonate, which is non-ionic, and very resistant to nucleases or 

20 2'-0-alkyloiiogoribonucleotides. For the purposes of the present invention, it is to be 
understood that the polynucleotides described herein may be modified by any 
method available in the art. Such modifications may be carried out in order to 
enhance the in vivo activity or lifespan of polynucleotides of the invention. 

25 Polynucleotides of the invention may be used to produce a primer, e.g. a PCR primer, 
a primer for an alternative amplification reaction, a probe, e.g. labelled with a 
revealing label by conventional means using radioactive or non-radioactive labels, or 
the polynucleotides may be cloned into vectors. Such primers, probes and other 
fragments will preferably be at least 10, preferably at least 15 or 20, for example at 
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least 25, 30 or 40 nucleotides in length. These will be useful in identifying species 
homologues and allelic variants as discussed above. 

Polynucleotides such as a DNA polynucleotides and primers according to the 
5 invention may be produced recombinant^, synthetically, or by any means available 
to those of skill in the art. They may also be cloned by standard techniques. The 
polynucleotides are typically provided in isolated and/or purified form. 

In general, primers will be produced by synthetic means, involving a stepwise 
1 0 manufacture of the desired nucleic acid sequence one nucleotide at a time. 

Techniques for accomplishing this using automated techniques are readily available 
in the art 

Genomic clones corresponding to the cDNAs of SEQ ID NOs. 1 ? 3 and 5 containing, 
1 5 for example introns and promoter regions are also aspects of the invention and may 
also be produced using recombinant means, for example using PCR (polymerase 
chain reaction) cloning techniques. 

The 4-5-6 exon pattern of MGF is characteristic of polynucleotides of the invention, 
20 Any suitable method may be used to ensure that this pattern is reflected in the coding 
sequence, and thus in the encoded polypeptide. For example, cDNA sequences 
lacking introns and splice signals and including the coding sequences of exons 4 ? 5 
and 6 may be used. Alternatively, genomic DNA may be used if it will be correctly 
spliced in the situation at hand. 

25 

Although in general the techniques mentioned herein are well known in the art, 
reference may be made in particular to Sambrook et al (1 989), Molecular Cloning: A 
Laboratory Manual. 
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Poly nucleotides which are not 100% homologous to the sequences of the present 
invention but fall within the scope of the invention, as described above, can be 
obtained in a number of ways, for example by probing cDNA or genomic libraries 
from other plant species with probes derived from SEQ I^NO. 1 7 3 or 5. Degenerate 
5 probes can be prepared by means known in the art to take into account the possibility 
of degenerate variation between the DNA sequences of SEQ ID NO 1, 3 or 5 and the 
sequences being probed for under conditions of medium to high stringency (for 
example 0,03M sodium chloride and Q.03M sodium citrate at from about 50°C to 
about 60°C), or other suitable conditions (e.g. as described above) 

10 

Allelic variants and species homologues may also be obtained using degenerate PCR 
which will use primers designed to target sequences within the variants and 
homologues encoding likely conserved amino acid sequences. Likely conserved 
sequences can be predicted from aligning the amino acid sequences of the invention 
1 5 (SEQ ID NO. 2, 4 or 6) with each other and/or with those of any homologous 
sequences known in the art. The primers will contain one or more degenerate 
positions and will be used at stringency conditions lower than those used for cloning 
sequences with single sequence primers against known sequences, 

20 Alternatively, such polynucleotides may be obtained by site-directed mutagenesis of 
sequences of SEQ ID NO, 1. 3 or 5 or allelic variants thereof This may be useful 
where, for example silent codon changes are required to sequences to optimise codon 
preferences for a particular host cell in which the polynucleotide sequences are being 
expressed. Other sequences may be desired in order to introduce restriction enzyme 

25 recognition sites, or to alter the properties or function of the polypeptides encoded by 
the polynucleotides. 

The invention further provides double stranded polynucleotides comprising a 
polynucleotide of the invention and its complement. 
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Polyuucleotides, probes or primers of the invention may cany a revealing label 
Suitable labels include radiosotopes such as 32 P or 35 S ; enzyme labels, or other 
protein labels such as biotin. Such labels may be added to polynucleotides, probes or 
primers of the invention and may be detected using techniques known per se. 

5 

Production of polypeptides 

Polypeptides of the invention may be produced in any suitable manner. In some 
embodiments they may be extracted from animal tissues. However, it is preferred 
1 0 that they be produced recombinantly from polynucleotides of the invention. This can 
be done using known techniques. 



Repair of nerve damage 



1 5 Localisation of MGF at the site of the nerve damage 

MGF may be localised at the site of the nerve damage by any suitable means. For 
example, it can be localised at the damage site within a matrix, e.g. a gel or solid. 

20 Preferably, MGF is localised at the damage site by means of a conduit around the 
nervei at the damage site. This is especially preferred where it is desired to bridge a 
gap in a severed nerve. However, other approaches may be better where the nerve is 
not severed, but rather damaged or degenerating. One example of such a condition is 
neuropraxia. 



25 



Conduits 



A conduit may be placed around the nerve damage site, The presence of the conduit 
per se may encourage nerve damage repair but the localisation of MGF by the 
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The conduit may be composed of any suitable material. For example, it may be 
composed of a non-bioabsorbable material such as silicone, which has been widely 
5 used in the past. 

However, bioabsorbable materials are preferred, as they can be absorbed by the body 
when the damage is repaired. Collagen conduits (available from Integra Life 
Sciences) are one option in this respect. 

10 

In general, flexibility and low inflammatory response are desirable characteristics of 
conduits of the invention. 

Conduits comprising, or composed of, PHB elicit only low inflammatory 
1 5 (macrophage) response. They are also known to have positive effect on nerve 
regeneration independent of MGF (see above) so a combined treatment will be 
particularly effective, 

PHB is a bacterial product and occurs in granular form in the bacterial cytoplasm. 
20 Preferably, PHB of bacterial origin will be used, though PHB from other sources can 
also be used in appropriate. PHB can be formed into bioabsorbable sheets and such 
sheets are preferably used to form the conduits of the invention. 

Conduits, especially PHB conduits, may be formed and put in place by any known 
25 method. The methods of Hazari et al, 1 999 (Supra) are preferred. 

In particular, conduits are normally formed from PHB sheets cut so that the 
orientation of PHB fibres is along the length of the nerve. This promotes nerve 
damage repair by contact guidance. 

N.82201 US GCW AB nw Specification as filed 



-27- 

A conduit is then formed by rolling the sheet around an object of suitable diameter, 
e.g. a 16 G intravenous cannula, thus standardising the internal diameter of the 
coagulate. A 16 G intravenous cannula gives an internal diameter of 1 .6 mm. 
However, other internal diameters can be achieved by rolling around different 

5 template objects. A person of skill in the art will be able to select the correct 
size for the situation concerned. The rolled sheets are then sealed longitudely . 
Preferably, an adhesive is used, e.g. a cyano-acrylate glue (for example, histoacryl®, 
Braun Melsungen AG, Melsungen, Germany). Then, the conduit, preferably still 
rolled around the template object, is typically presoaked in saline to saturate the 

10 polymer and ensure maximum expansion of the fibres without a reduction in the 
internal diameter of the conduit. The skilled person will be able to determine a 
suitable size for the conduit based on the nerve damage to be repaired. However, a 
conduit will typically be formed from a rectangular sheet of PHB cut from a larger 
sheet. A person of skill in the art will be able to select the correct size for the 

15 situation concerned. 

As discussed above, a conduit will be typically formed from a rolled sheet. 
However, conduits can also be manufactured as pre-formed tubes. 

20 The conduits can be put in place by any means known in the art, for example by the 
surgical techniques discussed in Hazari et al Typically, a conduit will be used to 
bridge the severed ends of the nerve by entubulating both ends of the nerve within 
the conduit and securing with sutures to the epineurium. The length of the conduit 
will be chosen according to the length of the gap. A person skilled in the art will be 

25 able to select the correct size for the situation concerned. Typically, a short segment 
of each nerve stamp will be entubulated. 

In a preferred embodiment, the conduits of the invention are used to repair nerve 
damage that involves severing of the nerve. 
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Preferably, the nerves to which damage is to be repaired are peripheral nerves, e.g. 
nerves in the arms or legs. 

MGF according to the invention may be introduced into the conduit of the invention 
5 by any suitable means. For example, it may be coated on the inside of the conduit, 
impregnated into the conduit, e.g. during the saline soaking step mentioned above, 
provided in a matrix, e.g. a gel matrix within the conduit or around the outside the 
conduit; alternatively, it may be delivered to the conduit in situ y e.g. by injection. 
The protein may be attached to the conduit by any suitable means , 

10 

Preventing target organ degeneration 

When a nerve that innervates an organ (a "target" organ) is damaged, especially 
severed, the organ may degenerate because of the absence of innervation. Therefore, 
15 localisation of MGF around the nerve damage site is preferably performed in 

combination with a treatment that prevents or diminishes target organ degeneration. 
Any suitable treatment known in the art may be used. 

In particular, where the target organ is a muscle, MGF can be used to prevent 
20 apoptosis of the muscle cells and thus prevent or diminish degeneration. MGF or an 
MGF-encoding nucleic acid can be delivered in any suitable way to achieve this. In 
particular, an MGF encoding nucleic acid can be introduced by intramuscular 
injection and expressed in situ to generate MGF. Other growth factors can also be 
used as appropriate. 

25 

Other neurotrophic factors, including glial cell-derived neurotrophic factor, brain- 
derived neurotrophic factor, neurotrophin-3 and neurotrophin 4/5, may also be used, 
as they are found in skeletal muscle and other target organs, and they promote the 
survival of a variety of neurone types including motoneurones (e.g. Bock G.R. & 
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Goode, 1996, Growth factors as drugs for neurological and sensory disorders. Ciba 
Foundation Symposium 196. New York: John Wiley & Sons). 

Pharmaceutical formulations for nerve damage repair 

5 

The polypeptides and nucleic acids of the invention are preferably delivered in the 
form of a pharmaceutical formulation comprising a phannaceutically acceptable 
carrier or diluent. Any suitable pharmaceutical formulation may be used. 

10 For example, suitable formulations may include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants, buffers, bacteriostats, 
bactericidal antibiotics and solutes which render the formulation isotonic with the 
bodily fluids of the intended recipient; and aqueous and non-aqueous sterile 
suspensions which may include suspending agents and thickening agents. The 

1 5 formulations may be presented in unit-dose or multi-dose containers For example, 

sealed ampoules and vials, and may be stored in a frozen or freeze-dried (lyophilized) 
condition requiring only the addition of the sterile liquid carrier, for example water 
for injections, immediately prior to use. 

20 In particular, formulations that encourage localisation of MGF at the site of nerve 
damage are preferred, for example gels and suspensions that discourage the active 
ingredient from moving away from the site. 

Owing to MGF's short half-life, slow-release or delivery agents may be used. Any 
25 suitable pharmaceutical formulation may be used to effect slow-release of MGF of 
the invention. Liposome formulations are one possibility. 

In particular, a slow release "toothpaste-type" matrix is preferred. This can be coated 
on to the inside of a conduit of the invention. A similar formulation, extruded from a 
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syringe, could be used to combat degeneration of target organs, especially muscles 
whilst nerve damage is repaired. 

It should be understood that in addition to the ingredients particularly mentioned 
5 above the formulations of this invention may include other agents conventional in the 
art having regard to the type of formulation in question. Sterile, pyrogen-free 
aqueous and non-aqueous solutions are preferred. 

Dosages for nerve damage repair 

10 

The proteins, nucleic acids and vectors of the invention may be delivered in any 
suitable dosage, and using any suitable dosage regime. Persons of skill in the art will 
appreciate that the dosage amount and regime may be adapted to ensure optimal 
treatment of the particular condition to be treated, depending on numerous factors. 
15 Some such factors may be the age, sex and clinical condition of the subject to be 
treated and of course the type and severity of nerve damage concerned. 

As a guideline, amounts of MGF in the region of from 1 to 1000 mg, from 10 to 100 
mg and 100 to 500 mg or from 500 to 1000 mg may be localised around the site of 
20 the nerve damage. 

Dosage schedules will also vary according to the condition to be treated. Typically, 
however, all of the MGF necessary will be administered at the outset of the 
procedure so that the surgical insertion can be closed. As discussed above, slow 
25 release formulations may be used to ensure delivery over a period of time at the 
nerve damage site. This is particularly desirable in view of MGF*s short half-life. 
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Combinations ofMGFcmd other neurotrophic factors in nerve damage repair 

MGF polypeptides and nucleic acids of the invention can be administered in 
combination with other neurologically active agents. This may be either to enhance 
5 repair of nerve damage or to prevent or diminish target organ degeneration or both. 
Any additional neurological active agent may be used in this way. Such agents may 
be non-polypeptide molecules or they may be polypeptides. If they are polypeptides, 
they may be delivered as polypeptides or as nucleic acids encoding such 
polypeptides. This may be done by any suitable method known in the art. 

10 

Polypeptide growth factors having neurological activity are preferred. For example, 
neurotophins such as Brain-Derived Neurotrophic Factor (BDNF), Neurotropbin-3 
(NT-3), NT-4, NT-5 or Nerve Growth Factor (NGF) may be used. Similarly, 
neurologically active cytokines such as Ciliary Neurotrophic Factor (CNTF) can be 
15 used. Similarly, neurologically active transcription factors such as Bni 3a, Brn 3b 
and Brn 3 c may be used. 

When an MGF of the invention is combined with another neurologically active agent 
in the treatment of a neurological disorder the two may be combined in the same 

20 pharmaceutical composition. Alternatively, they may be administered in separate 

compositions. They may be administered simultaneously, separately or sequentially 
and at the same site or a different site. For example, MGF may be present within a 
conduit of the invention that joins the two ends of a severed nerve, and another 
growth factor may be administered either within the conduit to assist MGF's nerve 

25 repair more action, and/or outside the conduit, or generally to the target organ to stop 
its degeneration whilst the nerve is repaired. 
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Introduction 

5 In this study, we have used a model of axotomy-induced motoneurons! degeneration 
in adult rats to examine the protective effects of two isofonns of insulin-like growth 
factor-I (IGF-I): the commonly-used liver-type isoform (L.IGF-I) and a newly- 
identified splice variant of IGF-I which is produced by active muscle (Y ang et al, 
1996) and which we have termed "mechano growth factor" (MGF). Our analysis of 

10 the structure of MGF indicates that it probably has different tissue binding and a 
shorter half-life than L.IGF-I making it particularly suited to mediating such local 
interactions in a paracrine/autocrine manner. To enable the local action of L.IGF-I 
and MGF at the neuromuscular junction and avoid the need for repeated injections of 
these short half-life molecules, we used a plasmid DNA vector to deliver the genes 

1 5 for these growth factors to muscles. 

Methods 

Three 20^1 equidistant injections were made into the right whisker pad of Iightiy- 
20 anaesthetised (2% halothane) 6m Sprague-Dawley rats (n=4 per group). In the fust 
group (plasmid), 1 5|ig/|il plasmid DNA containing the rat MGF gene was injected 
and in the third group 0.65Mg/Ml plasmid DNA containing the rat MGF gene was 
injected. After 7 days, the right facial nerve was avulsed as it emerged from the 
stylomastoid foramen using gentle traction. In other groups, the right facial nerve 
25 was crushed (n^) or avulsed (n*=4) without prior intramuscular injection of plasmid. 
After 1 month, all rats, including 4 non-operated rats, were anaesthetised then 
perfused with 4% paraformaldehyde and the region of the brainstem containing the 
facial nucleus sectioned serially at 70|im using a vibratome. Every 5 th section was 
taken in a systematic random manner and stained with the fluorescent dye YOYO 
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(1 : 1000, molecular probes) for estimation of total facial motoneurone number using a 
modification of the discetor method for use in the confocal microscope (Johnson et 
al, 1998). Briefly, 2 optical sections separated by lO^m were taken through the 
70|jm vibratome slice, one image was stored as shades of green and the other as 
5 shades of red. The two optical sections were then merged on screen and only those 
neurones which were present in one optical section but not the other (which in this 
case were green, but not red or shades of yellow) were counted. After determining 
the volume of the facial nucleus using stereology (West MJ. Trends in Neuroscience 
1999. 22: 51-61) the total number of facial motoneurones was then calculated, 

10 

□ Results 

• : f| 

m 

}J1 The normal adult rat facial nucleus contains approximately 3,500 motoneurones 

nj (Table 1, Figure 1). 1 month following nerve crush, approximately 15% of the 

15 motoneurones are lost ipsilaterally (p<0.05, Mann Whitney U test), while 1 month 

following nerve avulsion approximately 75% of the motoneurones are lost (Figure 2). 
j q Injection of plasmid DNA alone into the snout 7 days before avulsion had no effect 

=f| on the massive motoneuronal loss seen 1 month later (Figure 3). However, prior 

Q intramuscular injection of the plasmid containing the gene for L.IGF-I reduced the 

20 motoneuronal loss 1 month following avulsion to 53% and injection of the plasmid 

containing the MGF gene reduced motoneuronal loss 1 month following avulsion to 

21% (Figure 4). 
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Total numbers of motoneurons in the facial motor nucleus 1 month following nerve 
avulsion (a simple tug to damage the nerve) with or without prior intramuscular gene 
5 transfer 





No avulsion 


Crush 


Avulsion 




right 


left 


right 


left 


right 


left 


rat 1 


3676 


3404 


3014 


3619 


884 


3323 


rat 2 


3622 


3118 


2889 


3404 


889 


3372 


rat 3 


3631 


3385 


2903 


3314 


719 


3397 


rat 4 


3666 


3233 


3083 


3523 


733 


3023 


mean 


3648.7 


3285 


2972.3 


3465 


806.3 


3278.8 


sd 


22.8 


1169 


80.2 


115.8 


804 


150.0 





Control plasmid- 


IGF-avulsion 


MGF-avulsion 




avulsion 














right 


left 


right 


left 


right 


left 


rat 1 


750 


3384 


1699 


3386 


2674 


3624 


rat 2 


798 


3488 


1556 


3413 


293'4 


3582 


rat 3 


819 


3631 


1660 


3438 


2800 


3561 


rat 4 


869 


3606 


1640 


3655 


2823 


3429 


mean 


809 


3527.3 


1638.8 


3473 


2807.8 


3549 


sd 


42.7 


98.8 


52.3 


106.7 


92.4 


72.9 
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Example 2: Sciatic nerve repair using IGF isoforms in conduction with PHB 
conduits 

The aim was to assess whether local administration of MGF to an injured nerve 
5 improves the axonal regrowth in the acute phase of the regeneration process. MGF 
was administered as cDNA embedded in hydrogei matrix, inserted in a bioresorbable 
polymer conduit. The advantage of this approach is that the growth factor is 
immediately available to the injured neurons, and that the protected 
microenvironment created by the bioengineered construct would facilitate nerve 
10 fibres regrowth. 

Poly-3-hydroxybutyrate (PHB) was the polymer of choice, as it is of natural origin, 
non-antigenic and can be manufactured in sheets composed of fibres with 
unidirectional orientation. In previous experiments, PHB conduits have been shown 
15 to promote regeneration in nerve gaps up to 4 cm in length. The addition of alginate 
hydrogei also allowed the suspension of engineered MGF gene for the gene product 
ready to be taken up by retrograde transport delivery to the neuronal cell bodies in 
spinal cord and dorsal root ganglia. 

20 At two weeks postoperatively, the rats were killed, the repaired nerve harvested in 
its entirety and fixed in Zamboni solution overnight at +4°C. Following extensive 
washes in PBS solution, the tissue was blocked for cryostat sectioning. Tissue 
sections were processed for immunohistochemistry using primary antibodies to SI 00 
(a marker for Schwann cells) and PanNF (a pan-neuronal marker). The staining was 

25 carried out according to the indirect immunofluorescence method using both primary 
antibodies on the same section, in order to obtain a double staining for the two 
markers. This facilitates the comparison of the staining and allows precise 
morphological localisation of the regrowing axons and glial cells. The sections were 
coded, and the examiner was blind to the groups to which the section under 
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examination belonged. 

Nerve regeneration was observed in samples from alJ groups. In particular, a 
continuous cord of Schwann cells was seen to extend between proximal and distal 
nerve ends, showing similar quantities for MGF T IGF1 and control groups. These 
results indicate that the conduit or the matrix used in these experiments did not 
impede regeneration. When axonal regeneration was examined, the results were very 
different from those seen with Schwann cells staining. Indeed, axonal regeneration 
was scarce in the conduits filled with alginateand control plasmid (i.e. no cDNA 
insert), with few axons extending into the distal nerve stump. Addition of IFG1 
cDNA-plasmid produced an increased amount of axonal regeneration, with a 
moderate number of fibres reaching into the distal nerve stump. Regeneration was 
further enchanced when MGF cDNA-plasmid was added to the alginate matrix. In 
these conduits, a vigorous regeneration was seen throughout the width of the nerve, 
with numerous axons extending well into the distal nerve stump. No quantification 
was attempted, but the disparity of the staining was so considerable as to be able to 
determine without difficulties the difference between groups. 
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